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Fishmeal Alternatives and Formulation 
Approaches

Abstract
Fishmeal alternatives for F3 (Fish Free Feed) is a friendly environmental & sustainable approach 
for aquaculture feed industry. However, there are several challenges in the innovation of fishmeal 
alternatives in terms of quality consistency, quantity availability, especially nutritional limitations as 
well as cost effectiveness of fishmeal replacement.

This presentation will review the trends in fishmeal usage and replacement, challenges of nutritional 
limitations, and recommendations for the formulation approaches of the fishmeal alternatives to 
different species, focusing on carnivorous fish and shrimp.
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Trends of fishmeal usages

(Katheline, et al., 2019)

Use of fishmeal by agriculture – The fishsite.com

6.0-6.5 million MT of fishmeal produced annually



Trends of fishmeal usages

Estimated global use of fish meal within compound aquafeeds in 2006 from the present study and
from IFFO estimations (values given as percent total aquafeeds; Jackson 2007) - Albert G.J. Tacon
a, ⁎, Marc Metian (2008)

(Vinij Tansakul, 2022)



Trends of fishmeal usages

Vidar Gundersen, Global Sustainability Director, Biomar, 2019 – APA 2019 in Chennai – India.



Trends of fishmeal usages
Herbivores: feeding on plant
materials
------------>

Omnivores: feeding on mixed diets
------------>

Detritivores: feeding on detritus
------------>

Carnivores: feeding on fish & other
invertebrates.

Marine fish is Carnivorous species

Digestive tracts of differently feeding-behavior fish species



Challenges of fishmeal alternatives 

Fishmeal
(Attractant & Palatability)

(Consistency & Availability)

High-quality energy & protein (digestibility)

Rich in minerals (Ca/Na/P) & vitamins
No fiber (carbohydrates)

No anti-nutrients

Peptides
Cholesterol

Taurine
Healthy nutrients

EPA/DHA/ARA

Why Fishmeal is good protein source 

Lim & Dominy, 1990.



Challenges of fishmeal alternatives 

Low-quality fishmeal has been used mainly
in freshwater fish species while high-quality
fishmeal has been used mainly in shrimp
and marine fish species.

High-quality fishmeal

Made up of single fish species
High protein level (minimum 65% protein)
High freshness
High digestibility
Low contaminants (heavy metals, etc.)

(Laura Gasco, et al., 2018)

Ready to pay 700 – 1,000 usd/MT higher 
for high-quality FM than low-quality FM

“In the aqua feed space, because
it is such a narrow spec of what
can be used — it needs to be
concentrated, it needs to be low
in fiber, there are specific amino
acids that must be included — the
alternatives are really quite few,”
Wathne said.

http://www.startribune.com/cargi
ll-s-quest-for-fish-food-grows-
enriching-canola-in-montana-and-
growing-protein-in-
tank/410681245/

http://www.startribune.com/cargill-s-quest-for-fish-food-grows-enriching-canola-in-montana-and-growing-protein-in-tank/410681245/


Challenges of fishmeal alternatives 

Low-quality fishmeal has been used mainly
in freshwater fish species while high-
quality fishmeal has been used mainly in
shrimp and marine fish species.

High-quality fishmeal

Made up of single fish species
High protein level (minimum 65% protein)
High freshness
High digestibility
Low contaminants (heavy metals, etc.)

Ready to pay 700 – 1,000 usd/MT higher for high-
quality FM than low-quality FM

From: Advances in Grouper Acquaculture. Edited by M.A. Rimmer, S. McBride and K.C. Williams



Challenges of fishmeal alternatives 

Poor performance related to low protein and digestibility in fishmeal (Divakaran and Ostrowski, 2003)

High-quality
fishmeal
Made up of single fish
species

High protein level
(minimum 65% protein)

High freshness

High digestibility

Low contaminants (heavy
metals, etc.)

(Ricque-Marie et al., 1998)



Challenges of fishmeal alternatives 

Fishmeal replacement

High-quality protein sources
Protein quality
Key nutrients
Water stability
Water solubility
Anti-nutrients

Consistency 

Availability Cost effectiveness



Challenges of fishmeal alternatives 

Spray blood meal

Plasma meal

Hydrolyzed feather meal

Fishmeal 
alternatives

Bacterial meal

Insect meal

Algae meal

Yeast meal

Hydrolyzed soy protein 
concentrates

Fermented soy protein 
concentrates

Corn protein concentrates

Fermented Corn protein 
concentrates

??????
1. High-quality protein sources
2. Attractant
3. Palatability
4. Cholesterol, Taurine
5. Phospholipid/Fatty acids (EPA/DHA/ARA)
6. No fiber/carbohydrates
7. No anti-nutrients
8. Safety, consistency & availability

The best is a combination of different protein sources with adding of the missing key nutrients and attractants



Formulation approaches for fishmeal replacement

Adding attractant & functional nutrients and/or 
attractant & functional ingredients

Fishmeal 
replacement ???

Adding rich 
EPA/DHA/ARA oils

Combination of different protein sources for better balancing 
the nutrients & avoiding negative impacts of antinutrients 

Adding the limiting 
L-amino acids, 

especially Taurine

Adding 
Cholesterol/Phospholipids

Adding more minerals, 
especially Ca/P/Na from 

MCP/DCP/Salt

Adding more vitamins 



Take-home messages
1. Fishmeal alternatives need to be considered for the safety, consistency and
availability before taking into account for your feed business.

2. Highly concentrated protein ingredients (the best is minimum 65% protein)

3. Combination of different high-quality protein sources is the best approach to
balance nutrients and to avoid negative impacts of contaminants, especially anti-
nutrients.

4. Adding Cholesterol and phospholipids in case of replacing fishmeal for shrimp feeds.

5. Adding rich EPA/DHA/ARA oils in case of replacing fishmeal in marine fish feeds.



Take-home messages
6. Adding the limiting L-amino acids, especially Taurine.

7. Adding attractants, either nutrients or ingredients or both of the attractant
nutrients & ingredients.

8. Adding more minerals, especially Ca/P/Na from MCP/DCP/Salt or from the
ingredients of rich minerals.

9. Adding more vitamins to support the attractant and palatability and other health
functions.

10. Control on the adding ingredients and nutrients to manage cost effectiveness and
negative impacts.
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